Objective. To assess the prevalence of systemic sclerosis (SSc) in a French multi-ethnic population and to examine ethnic differences. Methods. This survey was conducted in Seine-Saint-Denis County, a suburb of Paris, home to 1,094,412 adults (!15 yr), among whom 26% are of non-European background with mainly northern and sub-Saharan African, Asian and Caribbean ancestries. The study period comprised the entire calendar year 2001. Patients were ascertained through four sources: public and private hospitals, general practitioners and community specialists, the French SSc patient support group, and the National Public Health Insurance System database. Only cases meeting either the 1980 ACR and/or LeRoy and Medsger's classification criteria were included and assigned to three clinical subsets: limited (normal skin) (l), limited cutaneous (lc) or diffuse cutaneous (dc) SSc. Capture-recapture (CR) analyses using log-linear modelling were performed to correct for incomplete case finding. Results. We retained a total of 119 patients with SSc, including 15 extrapolated from inaccessible files. CR analysis estimated that 54.2 additional cases were missed by all the sources. The overall SSc prevalence (per million adults) was 158.3 (95% confidence interval, 129-187); those of lSSc, lcSSc and dcSSc were, respectively, 32.3 (16-48), 83.1 (66-101) and 42.9 (25-60); and respective values for Europeans and non-Europeans were 140.2 (112-170) and 210.8 (128-293). Conclusion. Regarding the heterogeneity of previously published estimates, this population-based survey using CR analysis might contribute to obtaining a better appraisal of SSc prevalence. Despite overlapping confidence intervals, the higher prevalence observed for non-Europeans could support potential influences of ethnic origin on the pathogenesis of SSc.
sub-Saharan Africa (5%), Asian countries (5%), the French Caribbean Islands and other overseas countries and territories (4%), and other areas (America, Oceania/South Pacific) (1%) (Fig. 2) . Comparison of the demographic characteristics of the non-European and European subgroups reveals a different age distribution, with the non-Europeans having a higher percentage of subjects aged 25-39 yr (36 vs 28%) and 40-59 yr (37 vs 32%), and a lower percentage of subjects aged !60 yr (9 vs 22%) (Fig. 3 ). Slight differences also exist with respect to the male-to-female ratio with a female preponderance for the Europeans (male-tofemale ratio 0.89) and male preponderance for the non-Europeans (1.11).
Study period and sources of case ascertainment
The study covered the entire calendar year 2001. Patients were retrieved through four separate sources: (1) letters (with a stamped self-addressed envelope enclosed for the reply) and telephone follow-up to 30 departments of internal medicine, rheumatology, pneumatology, dermatology and nephrology including all the public hospitals, two large private clinics of the study area and one university hospital neighbouring the area under consideration, as well as five additional selected university hospital departments of the Ile-de-France region specializing in SSc (referred to as the hospitals); (2) sending follow-up questionnaires (with a stamped self-addressed envelope for the reply) to all general practitioners (n ¼ 1100) and community specialists-rheumatologists, pneumatologists, angiologists and dermatologists (n ¼ 123)-registered in the College for Physicians of the area (referred to as community physicians); (3) members of the French SSc patient support group (Association des Scle´rodermiques de France); and (4) data from the main fund (re´gime general) of the Public Health Insurance System of Seine-Saint-Denis County. For individuals with costly or chronic diseases, e.g. SSc, the French Public Health Insurance system accords, upon application, full exoneration of payment for all treatments associated with their disease. Based on an individual's professional activity, the French Public Health Insurance System distinguishes three branches: the main fund covers salaried employees and insures 93% of the Seine-SaintDenis residents, and two other funds cover the self-employed or agricultural workers.
We asked these four sources to report any known adult (aged !15 yr) with SSc living in the study area during the calendar year 2001. Questionnaires sent to the community physicians requested that they report such cases with the first three initials of the patient's last name, the first two initials of the first name, gender, birth date, residential postal code, date of patient's last assessment and, if pertinent, the address of the hospital where they are/had been followed. Members of the patient support group were recruited after their oral consent to participate had been obtained by a telephone call from one of the group's board members. The Public Health Insurance System provided semi-anonymous data (initials, gender, birth date, residential postal code) for patients registered by 31 December 2001, with the codes 710.0 or M34 of the 9th International Classification of Diseases (ICD-9) and the revised ICD-10. For patients recruited exclusively through this source, a follow-up letter was sent, with a subsequent telephone call to non-responders, by a Public Health Insurance System physician to obtain consent to be contacted by the clinical investigators.
Inclusion criteria
Once the treating physician's accord had been obtained, we carefully reviewed the hospital charts or the information provided by the community physicians to verify the diagnoses of all the patients. For each case, standardized data forms were filled out collecting the following items: (1) demographic data including date of birth, gender, ethnic background and location of residence; (2) date of first diagnosis of SSc by any physician and (3) clinical and laboratory findings, and, when available, results of nailfold capillaroscopy, pulmonary function tests and pulmonary com- was defined according to that of their first-degree relatives and required that both parents be of the same ethnic group. Raynaud's phenomenon (RP) and nailfold capillaroscopy abnormalities were considered to be present only when a hospital-based specialist corroborated the diagnosis. Serological tests were assessed with respect to the search for antinuclear antibodies (ANA), anticentromere antibodies (ACA) and/or antitopoisomerase I (anti-Scl70) antibodies. Interstitial lung disease was defined according to CT images suggestive of parenchymal involvement combined with, when available, a restrictive airway pattern on pulmonary function tests.
To ensure homogeneous classification, all the data were recorded by the same physician (VLG). A case was definitively included in the study when he/she was a resident of Seine-SaintDenis County for at least part of 2001, was aged !15 yr and fulfilled the 1980 American College of Rheumatology (ACR) diagnostic criteria [32] and/or those established by LeRoy and Medsger [33] for classification purposes of early SSc. ACR criteria require one major criterion, taut skin involvement proximal to the metacarpophalangeal joints, or two or more minor criteria among the following three items: sclerodactyly, digital pitting scars or loss of substance of the distal finger pad, bibasilar pulmonary fibrosis. LeRoy and Medsger's criteria require objective RP as a major criterion combined with nailfold capillary abnormalities (dilatation and/or avascular areas) and/or presence of SSc-associated autoantibodies [33] . Patients with overlap features of systemic lupus erythematosus (e.g. facial rash, photosensitivity, serositis, glomerulonephritis) or polymyositis (e.g. elevated creatinine kinase levels combined with a myopathic pattern on electromyography or histologically proven myositis) and antiribonucleic protein (RNP) antibodies alone were considered to have undifferentiated mixed connective tissue disease and were not accepted for this study.
The disease duration was calculated from the date at which a given patient first fulfilled one of the abovementioned classification criteria to the time of the last update of the patient's status after 1 January 2001. According to the presence and the extent of skin involvement at the last time of disease assessment, the patients were categorized into three distinct SSc subtypes: limited (l) (normal skin), limited cutaneous (lc) (sclerodactyly or skin thickening distal to the elbows) or diffuse cutaneous (dc) (skin thickening proximal to the elbows and/or of the trunk) [33] . The presence of taut facial skin did not differentiate between lcSSc and dcSSc.
Statistical analyses
Capture-recapture analysis was used to overcome potential incomplete case finding so as to correct the calculation of prevalence rates. As described elsewhere [29, 34] , this technique takes advantage of duplicate information derived from multiple, disaggregated sources of case ascertainment and provides estimates of the number of cases missed by any one source, and thus of the total number of cases in a given area. For the present study, cases were considered duplicates upon concordance of the first three initials of the last name, the first two initials of the first name, date of birth, gender and the residential postal code. To obtain a conventional three-source capture-recapture design, the two numerically least important sources of case retrieval (community physicians and the patient support group) were pooled into a single source.
Log-linear modelling was used to assess-and eventually to adjust for-potential violations of the assumptions of intersource independency and equal catchability [35, 36] . Source dependency was investigated by constructing the eight models accounting for all possible two-source dependency interactions. Based on the results of maximum of likelihood statistics [deviance G 2 , Akaike information criterion (AIC), Bayesian information criterion (BIC)] and the weighted BIC [37] , we selected the model that best fitted the data and, when ambiguous, the one that contained the fewest interaction terms (principle of parsimony). Subsequently, we verified the assumption of equal catchability by assessing the representativeness of the sources. For each of the three sources used for capture-recapture analysis, we analysed the patient distribution with respect to SSc subtype (l, lc or dc), ethnic background (European or non-European origins) and disease duration (stratified into two groups according to the median value). These variables were chosen because it could be hypothesized that differences theoretically exist across sources with respect to disease severity, and to ultimately provide unbiased stratified estimates for the SSc subtypes and ethnic backgrounds. As previously suggested [38] , for each source, we compared the case distribution of these variables to that expected by the best-fitting log-linear model retained in the previous step. Potential unequal catchability was corrected by the addition of an interaction term to that log-linear model. The variances of capture-recapture estimates were calculated according to the method described by Hook and Regal [39] . Prevalence rates were calculated with the number of cases estimated by capture-recapture analysis as the numerator and the adult (aged !15 yr) population as the denominator.
All statistical analyses were computed using the SAS Statistical Package, version 8.12 (SAS Institute Inc., Cary, NC, USA). Quantitative variables are expressed as means AE standard deviation (S.D.) and were compared with non-parametric KruskalWallis tests. Qualitative variables were compared using w 2 and, when appropriate, Fisher's exact tests. Log-linear modelling was performed using the PROC GENMOD procedure. All statistical analyses were two-tailed and P values <0.05 were considered to be significant. Confidence intervals were calculated at the 95% level (95% CI).
Ethical aspects
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Results

Response rates and number of patients ascertained
All the contacted hospital departments participated in the study and 91 patients were recorded by this source. Concerning the questionnaires sent to the community physicians, responses from 57% of the general practitioners and 57% of the specialists yielded 74 cases. All 13 patients identified through their membership of the patient support group consented to participate in the study and 102 patients were registered by the Public Health Insurance System as having SSc. After excluding intersource matches (according to the abovementioned matching criteria), a total of 218 cases had been identified by at least one source. Among those, case records were inaccessible for 34 patients, all exclusively retrieved from the Public Health Insurance System, due to refusal or non-response to our request for study participation.
Review of the 184 medical charts studied in detail led to the exclusion of 80 additional cases given other diagnoses (n ¼ 33), not fulfilling the diagnostic criteria (n ¼ 27), living outside the area studied (n ¼ 12), having been diagnosed after the year 2001 (n ¼ 4) or because of death before 2001 (n ¼ 4). The remaining 104 cases satisfying our inclusion criteria comprised 17, 64 and 23 cases with lSSc, lcSSc and dcSSc respectively, and 32 patients of nonEuropean background. To estimate the number of definite SSc cases among the 34 patients whose medical files could not be screened, we calculated the proportion of patients who met our diagnostic criteria among the other individuals ascertained exclusively through the Public Health Insurance System and to whose medical charts we had access. The obtained value of 0.44 was then multiplied by 34, yielding 15 additional hypothetically definite SSc cases including, according to similar algorithms, two, nine and four cases with lSSc, lcSSc and dcSSc, respectively, and five individuals of non-European background.
Ultimately, we retained a total of 119 patients, including 19 lSSc, 73 lcSSc and 27 dcSSc, and 37 individuals of non-European origin. Table 1 summarizes the main demographic, clinical and laboratory data, disease duration, and the frequencies of patients fulfilling the ACR and LeRoy and Medsger's classification criteria for the 104 patients whose medical files could be examined. SSc was diagnosed in a university hospital for 101 of those patients and in private clinics for the remaining three. Results are shown for the entire cohort and with respect to the SSc subtype. Notably, eight of the 17 lSSc patients had both abnormal nailfold capillaroscopy and positive ACA and/or anti-Scl70 serologies (one patient was positive for both ACA and Scl70 antibodies); moreover, 13 cases were found to have additional characteristic manifestations of SSc with telangiectasia (n ¼ 7), calcinosis (n ¼ 3), digital infarctions (n ¼ 2), clinical symptoms consistent with oesophageal hypomotility (n ¼ 6) and/or pulmonary hypertension as assessed by Doppler echocardiography (n ¼ 1). The 32 individuals of non-European ancestry came from Maghreb (n ¼ 17), sub-Saharan Africa (n ¼ 7), Asia (n ¼ 7) and the French Caribbean islands (n ¼ 1), i.e. presenting a distribution similar to that of the background population (Fig. 2) ; none of them had been diagnosed with SSc before living in continental France. Comparison of disease expression according to the ethnic background showed that non-Europeans were significantly younger at disease onset (45.3 AE 14.3 vs 52.4 AE 14.5 yr; P ¼ 0.02), more frequently diagnosed with dcSSc (34 vs 17%; P ¼ 0.04) and tended more frequently to have anti-Scl70 antibodies (38 vs 20%; P ¼ 0.05) and interstitial lung disease (53 vs 33%; P ¼ 0.06). Conversely, the sex ratio (P ¼ 0.25), mean disease duration (P ¼ 0.89) and ACA positivity (41 vs 46%; P ¼ 0.58) did not differ between individuals of non-European and European ancestry. Number of patients for whom this information was available.
Patient data
Capture-recapture analysis Table 2 . The model with a single interaction term between the hospitals and the community physicians/patient support group had a nonsignificant P-value for G 2 , the lowest AIC and BIC values, and an estimated number of cases missed close to that estimated by the weighted BIC, and was thus selected as the best-fitting model. This model estimated the number of cases missed by any source to be 54.2 and, thus, a 69% completeness of case ascertainment.
Examination of the characteristics of the three sources with respect to the variables chosen to potentially generate unequal catchability showed that case capture was heterogeneous regarding the ethnic background (results not shown). In fact, for the community physician/patient support group source, the percentage of non-Europeans observed was significantly lower than expected by the log-linear model (14 vs 31%; P ¼ 0.02). However, the log-linear model including the corresponding interaction term (community physician/patient support group Â ethnic background) yielded an only slightly better fit to the data but did not affect the estimated number of cases missed ( Table 2 ). Applying the principle of parsimony, inclusion of this interaction term was consequently restricted to the capture-recapture estimates stratified for the ethnic backgrounds (Table 2) .
Eventually, capture-recapture analysis estimated the total number of cases to be 173.2 and, after stratification, 35.3 lSSc, 91.0 lcSSc and 46.9 dcSSc. The stratified capture-recapture analysis estimated that a total of 114.1 patients were of European ancestry with 59.1 cases of non-European origin ( Table 2) . Table 3 summarizes the derived prevalence estimates for all SSc, and according to the SSc subtype and ethnic origin for the adult population of the study area. Thus, the overall prevalence estimates for the non-European population (210.8; 95% CI 128-293) was found to be 1.5-fold higher than that for the Europeans (140.2, 95% CI 112-170), even though the 95% CI intervals overlapped.
Prevalence estimates
Discussion
This population-based survey has enabled us to estimate the prevalence of SSc in the Seine-Saint-Denis County, France, to be 158.3 per million adults. To the best of our knowledge, this study is also the first prevalence estimate based on a European multiethnic population, with our results demonstrating a slightly higher prevalence among the subjects of non-European ancestry.
Using multiple sources of case retrieval is a major prerequisite for achieving complete case identification in population-based surveys. For the present study, patients were recruited through four distinct sources, including inquiries addressed to hospital departments, general practitioners and community specialists, and data provided by a patient support group and the Public Health Insurance System. The latter source, in particular, referred a number of patients who would have been overlooked by case retrieval based exclusively on direct medical care dispensers, an observation that emphasizes the importance of the selected sources implying diverse routes of patient identification. Because of issues of confidentiality, however, the diagnoses of 34 subjects recorded as having SSc in the Public Health Insurance database could not be verified. We therefore assumed that these patients comprised the same proportion of definite SSc cases as the other subjects retrieved uniquely through the same source.
Moreover, we performed capture-recapture analysis to appraise the degree of completeness of case finding and to correct our estimates for potential under-ascertainment. In a setting with at least three separate case-retrieval sources being available, loglinear modelling can be applied to accurately handle violations of this method's major assumptions of independence and homogeneous case-capture among sources. Because of the exponential relationship between the number of sources included and the number of source interactions to assess, we pooled the two numerically least important sources (community physicians and patient support group) to obtain the logistically most effective three-source design. Finally, capture-recapture analysis estimated the crude rate of completeness of patient identification to be 69%, a value that might be a reflection of the difficulty of achieving exhaustive case ascertainment in cross-sectional studies.
Disease definitions used in this study were based on the 1980 preliminary ACR classification criteria for SSc [32] and those recently proposed by LeRoy and Medsger [33] . Although it is widely accepted that ACR criteria enable dcSSc to be classified with a high sensitivity, major criticism has been expressed concerning their inadequate incorporation of lcSSc [3, 40, 41] . Authors of earlier epidemiological surveys resolved this problem by using-in addition to the ACR criteria-other specifically designed criteria with the purpose of classifying patients with lcSSc [6, 9, 12, 15, 28] . For the present study, we addressed this issue by applying the LeRoy-Medsger criteria [33] , which may represent the currently most valuable approach for consensual classification of lcSSc. Although they have not yet been validated, our findings based on the 104 patients whose medical charts could be reviewed indirectly indicated that these criteria assure classification of lcSSc with high sensitivity. Indeed, 69% of the patients considered to have lcSSc satisfied the ACR criteria (Table   1) , a result that is in agreement with previously reported sensitivities of 75% [3] and 79% [41] for the ACR criteria for patients that had been diagnosed with lcSSc by an expert clinician.
Another issue raised at the time this study was designed was whether or not we should include patients presenting with features of SSc but no sclerodermatous skin changes. Referred to as sine scleroderma SSc [2, 42] , normal skin SSc [43] or limited SSc (lSSc) [33] , there has been an increasing tendency to include this form in the spectrum of SSc disease and we eventually adopted such a three-subtype system categorizing patients as having lSSc, lcSSc or dcSSc [33] . In response to the criticism of the LeRoy-Medsger criteria as lacking specificity to allow classification of lSSc as definite SSc [44] , most of the lSSc cases that we identified also had other signs typical of SSc, e.g. telangiectasia, calcinosis, digital infarctions and/or internal organ involvement. According to stratification analysis, lSSc accounted for 20% of our overall prevalence estimate, a finding that would suggest the true frequency of this subtle variant of SSc to be higher than previously described based on hospital cohorts [42, 43] .
It is likely that the heterogeneity of published SSc prevalence estimates might partly have resulted from differing methodologies. Studies retrieving patients through single sources of ascertainment [10, 11, 16, 19, 20] and/or using the ACR criteria alone to define cases [10, 11, 16, 19] might have underestimated the real frequency of SSc, whereas the inverse effect could be suspected by inclusion of overlap diseases [6, 14] and/or estimates based on longer study periods [8, 9, 13] . The highest reported prevalence figures of 750 [19] and 1580 per million [12] were derived from sample surveys based on the screening of SSc patients among individuals with self-reported, and then clinically confirmed, RP, and subsequent multiplication of the observed percentage by that of RP in the general population. Notably, those studies identified only a small number of SSc cases and it could also be hypothesized that their results might have been positively biased by an increased tendency of individuals suffering from SSc to participate in those investigations. Regarding the currently available data, it has been postulated that SSc might be more frequent in the US than in Europe or Japan [5] and, although among the highest reported for a European area, our estimate would roughly fit this gradient (Table 4) .
This study moreover aimed to look for ethnic disparities in the prevalence of SSc. So as to obtain sufficiently large denominators allowing meaningful statistical analysis, we approached this objective by pooling the inhabitants with a non-European background in a single population. Although these results must be interpreted with caution because of overlapping confidence intervals, the SSc prevalence for the non-Europeans was 1.5-fold higher than that for those of European origin. Further prudence is warranted because our non-European population comprised a higher percentage of middle-aged individuals at risk for SSc, although this potential confounding effect might have been counterbalanced by the higher male-to-female ratio. Notably, our results would be consistent with previously reported 1.2-fold higher prevalence in black versus white individuals [9] and 1.8-fold higher incidence in black versus white women [23] . Additionally, in accordance with previous findings in African-American [1, 9, 23, [25] [26] [27] , Hispanic-American [27] or Asian [21, 24] SSc patients, as compared with white Americans [1, 9, 21, 23, [25] [26] [27] or Australians [24] , the non-Europeans were significantly more likely to have dcSSc [9, 23, 24, 27] , anti-Scl70 antibodies [24] [25] [26] and interstitial lung disease [21, 25] and were younger at diagnosis [1, 9, 23, 25] , with this latter finding potentially also being accounted for by the younger age structure of the non-European population.
Thus, these results would support the idea of ethnicity influencing the susceptibility to develop SSc and its clinical profile. Admitting this assumption, a fundamental-and as yet unresolved-issue is whether this effect of ethnicity on SSc might reflect a genetic or, alternatively, an environmental input [45] . The disparate geographical origins of the non-European patients identified in our survey might render improbable the role of a universal ethnic-specific environmental or lifestyle trigger, but it cannot be ruled out that these individuals share socio-economic or reproduction-related risk factors. On the other hand, higher frequencies of SSc in specific ethnic groups could also have a genetic basis. To date, the most stringent evidence for genetics determining the ethnic susceptibility for SSc came from an isolated Amerindian Choctaw tribe with high SSc prevalence and in which the disease was primarily observed in full-blooded descendants [46] . Thus, although SSc has been associated with diverse human leucocyte antigen (HLA) alleles, analysis of the current data does not clearly confer a central role to HLA genes in the differing risks across ethnic backgrounds [45] . In summary, accurate description of SSc epidemiology in different geographical regions represents an important approach to unravelling the aetiological mechanisms underlying this disease. Our observations should encourage further investigation of ethnically heterogeneous populations to discern the role that ethnicity might play in the risk of developing SSc. In light of the rather moderate relative risk of developing SSc associated with ethnic background, our results support that this factor represents only one among a variety of, and possibly interacting, keys to the pathogenesis of SSc.
